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Abstract 
Rising global obesity rates impact every aspect of health, including maternal-fetal health. 
Samoa has a disproportionate burden of obesity, with more than half of Samoan women entering 
pregnancy obese. Given Samoan women’s high parity (4), postpartum weight retention (PPWR) 
may be a significant source of weight gain over women’s lifetimes. Little is currently known 
about PPWR among Samoan women, so this analysis sought to document PPWR trajectories, 
assess factors – like breastfeeding -- associated with PPWR. Data of 127 mother-infant dyads 
from the 2017 Foafoaga O le Ola cohort were used in analysis. Researchers collected 
demographic and lifestyle data, as well as height measures. Maternal postpartum weight was 
collected at Visit 1 (1 week), Visit 2 (2 months), and Visit 3 (4 months). We a mixed method 
approach (“PROC MIXED”) with an unspecified covariance structure (“Type=un”) to evaluate 
PPWR and breastfeeding’s impact. The ‘lsmeans’ statement was used to generate least squares 
means and to compare means across different levels of the predictor variables. Women had an 
average age of 26.9 years, an average Visit 1 BMI of 34.1, and an average parity of 1.87. The 
final model included maternal education (F(2,116)=3.47, p=0.03), time (F(2,116)=13.3, 
p=<0.001), age (F(2,116)=3.63, p=0.03), and breastfeeding F(2,116)=0.24, p=0.79). We included 
breastfeeding in the final model since it was a predictor of interest, but it was not significant. The 
least squares means found greater age and maternal education indicated higher predicted BMI. 
33.9 percent of the sample gained weight by Visit 3. PPWR may be a significant source of 
continued weight gain for this population, and breastfeeding does not mitigate the risk of PPWR. 
More attention is needed in the postpartum period. Future research should focus on mitigating 
PPWR and characterizing its relation to gestational weight gain.  Key words: Postpartum weight 
retention, maternal health, breastfeeding, Samoa, obesity, chronic disease epidemiology 
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Overweight and obesity are having an increasing impact on health across the world. 
Obesity and its associated complications are now leading contributors to mortality, morbidity, 
and rising health care costs. Prevalence of overweight and obesity has nearly tripled since 1975: 
in 2016, 39 percent of adults globally were overweight (body mass index between 25-29.9) and 
13 percent were obese (body mass index of 30 or greater).1 Although there has been sustained 
interest in obesity prevention and treatment, efforts to curb overweight and obesity have fallen 
short. Current projections point towards ever-increasing rates in future years.2  
While obesity prevention and treatment should be a priority for every country, Samoa’s 
situation stands out from global averages. Recent studies in Samoa have pointed to a high 
prevalence of overweight and obesity among adults, with 91 percent of Samoan women either 
overweight or obese.3 Lin et al found that between 1978 and 2013, obesity prevalence in Samoan 
men increased from 27.7 percent to 53.1 percent, while obesity prevalence in Samoan women 
increased from 44.4 percent to 76.7 percent.4 Their projections put 2020 obesity prevalence at 59 
percent for men and 81 percent for women.5 The reasons for these elevated rates are 
multifaceted, and include both genetic and environmental factors. A rapidly changing food 
environment, an increase in sedentary lifestyles, and genetic risk factors have all contributed to 
Samoa’s current high rates of obesity and overweight.6 Given the major health implications of 
obesity and the upward trend in obesity rates, it is essential for public health programs to both 
prevent further weight gain among adults and to promote healthy weight in future generations.  
As obesity and overweight have become more prevalent in Samoa, increasing numbers of 
Samoan women enter into pregnancy with obesity or overweight.7 A study of American Samoan 
medical records from 2001-8 indicated that 34 percent of women enter into pregnancy 
overweight and 52 percent enter into pregnancy obese.8 While obesity presents a whole host of 
health complications, it also impacts pregnancy in a range of meaningful ways.9 Women who 
begin pregnancy overweight or obese are more likely to have gestational diabetes, pre-eclampsia, 
                                                          
1 Obesity and Overweight. The World Health Organization. February 16, 2018. Accessed April 20, 2019, from 
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight 
2 Obesity Prevention Source. Harvard T.H. Chan School of Public Health. No Date. Accessed April 20, 2019 from 
https://www.hsph.harvard.edu/obesity-prevention-source/obesity-trends/ 
3 Hawley, N. L., Minster, R. L., Weeks, D. E., Viali, S., Reupena, M. S., Sun, G., … Mcgarvey, S. T. (2014). Prevalence 
of adiposity and associated cardiometabolic risk factors in the Samoan genome-wide association study. American journal 
of human biology: the official journal of the Human Biology Council, 26(4), 491–501. doi:10.1002/ajhb.22553  
4 Lin S, Naseri T, Linhart C, et al. Trends in diabetes and obesity in Samoa over 35 years, 1978-2013. Diabet Med. 
2016;34(5):654-661. 




7 Hawley NL, Johnson W, Hart CN, et al. Gestational weight gain among American Samoan women and its impact on 
delivery and infant outcomes. BMC Pregnancy Childbirth. 2015;15:10. Published 2015 Feb 3. doi:10.1186/s12884-015-
0451-1 
8 Kocher, E., Lamb, J., McGarvey, S., Faiai, M., Muasau-Howard, B., Hawley, N. (2018). Conceptions of pregnancy 
health and motivations for healthful behavior change among women in American Samoa. Women and Birth. 
Volume 31, Issue 1, Pages e32-e41, https://doi.org/10.1016/j.wombi.2017.06.011. 
9 Weight gain during pregnancy. Committee Opinion No. 548. American College of Obstetricians and Gynecologists. 
Obstet Gynecol 2013;121:210–2. 
6 | P a g e  
 
and cesarean birth.10 They are also more likely to experience excessive gestational weight gain, 
or weight gain exceeding medical guidelines.11  
Pregnancy is a key health-related event that introduces both physical and social changes 
into many women’s lives, and pregnancy can be a logical phase for public health interventions 
promoting maternal-fetal health. Emerging evidence suggests that maternal nutritional status 
during pregnancy may influence fetal metabolic programming, highlighting the dual preventive 
potential of pregnancy-based health promotion.12 Additionally, pregnant women’s frequent 
interactions with the health care system provide multiple points of contact to support wellbeing. 
Many recent studies have evaluated ways to reduce gestational weight gain and promote healthy 
lifestyles during pregnancy. While pregnancy-based interventions are essential, the postpartum 
period is equally important for women’s weight-related health; however, it is relatively 
neglected.13 During the postpartum period, which is comprised of three distinct phases and 
encompasses the six months after birth,14  women either lose or retain weight gained during 
pregnancy. As family roles and expectations shift, the initial nutritional and exercise habits a 
woman forms during postpartum period can shape lifelong health.15 
In addition to Samoa’s obesogenic food environment and a high prevalence of genetic 
risk for obesity, Samoan women experience high average parity of four births per woman.16 If 
Samoan women tend to have postpartum weight retention (PPWR), this may compound across 
multiple pregnancies and become a significant source of long-term weight gain, placing them at 
additional risk of developing obesity-related cardiometabolic disease. Little is currently known 
about PPWR among Samoan women, so this analysis sought to document PPWR, assess both 
prenatal and postnatal factors associated with PPWR in this group, and to understand how 
postpartum life may contribute to or mitigate risk of continued weight gain. 
Since weight gain specifically associated with pregnancy may substantially affect 
Samoan women over their lifetimes, understanding postpartum weight trajectories in this 
population is essential. Additionally, knowledge about weight trends can help researchers 
develop suitable interventions in future work. In the event that postpartum weight trajectories 
show little postpartum weight loss, health professionals can begin to adapt to actively promote 
health during this time period.  
Methods 
 
Setting and Participants 
Samoa is an upper-middle income Pacific Island nation located equidistant between 
                                                          
10 Marchi, J. , Berg, M. , Dencker, A. , Olander, E. K. and Begley, C. (2015), Obesity in pregnancy – a review of reviews. 
Obes Rev, 16: 621-638. doi:10.1111/obr.12288 
11Marchi, J. , Berg, M. , Dencker, A. , Olander, E. K. and Begley, C. (2015), Obesity in pregnancy – a review of 
reviews. Obes Rev, 16: 621-638. doi:10.1111/obr.12288  
12 Arslanian, K., Fidow, U., Atanoa, T., Naseri, T., Duckham, R., McGarvey, S., Hawley, N. (2018). Effects of 
maternal nutrient intake during 31-37 weeks gestation on offspring neonate body composition in Samoa. Nutrients.  
13 Rudman, A., & Waldenström, U. (2007). Critical views on postpartum care expressed by new mothers. BMC 
health services research, 7, 178. doi:10.1186/1472-6963-7-178 
14 Romano, M., Cacciatore, A., Giordano, R., & La Rosa, B. (2010). Postpartum period: three distinct but continuous 
phases. Journal of prenatal medicine, 4(2), 22–25. 
15 Optimizing postpartum care. ACOG Committee Opinion No. 736. American College of Obstetricians and 
Gynecologists. Obstet Gynecol 2018;131:e140–50. 
16 World Bank. Fertility Rate, Total (Births per Woman). The World Bank, Accessed November 26, 2018. 
https://data.worldbank.org/indicator/SP.DYN.TFRT.IN?locations=HK 
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Hawaii and New Zealand. 75 percent of Samoa’s population of approximately 197,000 people 
lives on the island of Upolu.17 Upolu’s largest city, Apia, is home to Samoa’s sole tertiary 
hospital, Tupua Tamasese Meaole (TTM) Hospital, where almost 6,000 births a year take 
place.18  
The data used for this analysis were collected from a birth cohort study, Foafoaga O le 
Ola (‘The Beginning of Life’), initiated in Samoa in 2017. Mother-infant dyads (n=161) from 
Samoa were recruited in the antenatal clinic of the Tupua Tamasese Meole National Hospital, 
while women were at least 38 weeks pregnant. Women invited to participate were those with 
singleton pregnancies, those 18 years or older, experiencing no pregnancy complications, 
without existing diabetes or gestational diabetes, and resident within a 40-minute radius of the 
hospital to facilitate repeated follow up visits during the first four months postpartum. All 
women gave written informed consent for study participation, and study protocols were 
approved by both the Health Research Committee of the Samoan Ministry of Health and the 
Yale University Institutional Review Board. 
 
Procedures 
During the recruitment visit, which occurred between 35 and 40 weeks of gestation, 
researchers collected maternal characteristics, including self-reported pre-pregnancy weight, 
family income, and living situation. During this baseline assessment, women completed a 115-
item food frequency questionnaire (FFQ). This FFQ was administered by Samoan-speaking 
research assistants, and the questionnaire had been previously validated in Samoan adults.19  
Researchers invited the recruited women to participate in three additional assessments. 
The first of these three was scheduled one week after birth, the second two months after birth, 
and the third four months after birth. In these three postnatal assessments, trained research 
assistants collected data on maternal height and weight, using a portable stadiometer (SECA 217, 
SECA, Hamburg, Germany) and digital scales (Tanita HD351, Tanita Corporation of America, 
IL, USA).20 Researchers measured height and weight twice (averaged for analysis), and 
measured to the nearest 0.1cm or 0.1kg. During maternal weight measures, women wore light 
clothing. During these postnatal visits, researchers also collected data on postnatal practices, 
including extensive breastfeeding questionnaires, infant growth, and family economic status. 
While not directly relevant to this analysis, DXA scans of infants and body composition 
measurements were taken.   
The original sample contained 161 mother/infant dyads. However, 34 women in the 
original sample did not have weight measures at any of the three visits, and thus were excluded 
from this paper’s analysis. This left 127 women with at least one weight measure available for 
analysis. Of the 127 remaining women, 88 had reported weights at all three measures, 28 had 
reported weights at two of the three timepoints, and 11 had reported weight at one of the three 
timepoints. The 34 women who were excluded from the analysis were similar to those included 
in the analysis in terms of age, parity, and education level. All 34 were missing height measures, 
as well as data on how many days after birth the postpartum visits occurred. 
                                                          
17 Arslanian, K., Fidow, U., Atanoa, T., Naseri, T., Duckham, R., McGarvey, S., Hawley, N. (2018). Effects of 
maternal nutrient intake during 31-37 weeks gestation on offspring neonate body composition in Samoa. Nutrients. 
18 The 2014 Samoa Demographic and Health Survey. Census, Surveys and Demography Division. Apia, Samoa: 
Samoa Bureau of Statistics, Government of Samoa. 2014. 419 p., 29cm.  
19 Arslanian, K., Fidow, U., Atanoa, T., Naseri, T., Duckham, R., McGarvey, S., Hawley, N. (2018). Effects of 
maternal nutrient intake during 31-37 weeks gestation on offspring neonate body composition in Samoa. Nutrients. 
20 Arslanian, K. Project Summary. 2018.  















161 34 11 28 88 
 
Analytic Approach and Statistical Analysis  
We compressed maternal education from 6 levels to 3 levels (1= no formal schooling, 
less than elementary school, and elementary school completed, 2= high school completed, and 
3= college/university completed and higher degrees). Breast feeding data was collected at each 
visit. Scores from the composite questionnaire were separated into three categories: exclusive 
formula, mixed formula and breastfeeding, and exclusive breastfeeding. Due to large amounts of 
missing data, “missing” data became its own category for breastfeeding at each time point. 
Missing data was a particular issue for visit two, in part because visit two took place as a home 
visit. Thus, if the infant was at home but the mother was not, researchers continued the visit with 
permission of the non-mother caregiver. Infant measures from visit two were less likely to have a 
corresponding set of maternal measurements and information.  
We created two categories for weight recall: not able to recall and able to recall. Weight 
recall was not used to establish gestational weight gain for women in this sample, although in 
theory available pre-pregnancy weights could be used to calculate gestational weight gain. We 
made this decision for two reasons. First, few women were able to report weight (21 women, 
16.5% of the sample), meaning gestational weight gain measures would only have been available 
for this small group. Second, weight recall was of interest primarily as a binary indicator of 
general weight awareness. Indeed, ability to recall pre-pregnancy weight was associated with a 
BMI of 30 or above; this indicates women who already had a higher BMI were more likely to be 
aware of their weight than were women of a normal or overweight BMI.  
Women’s ages, calorie intakes, and parity status were each divided into tertiles. Due to 
the high BMIs in the sample, two BMI categories were created: normal and overweight (n=49) 
and obese (n=78). Variables describing weight change over time were created by establishing the 
difference between weight at different time points. For instance, “loss_1” was computed by 
subtracting weight at visit two from weight at visit one, and captured women’s initial postpartum 
weight change. Corresponding variables were created between visit two and visit three, and 
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Results 
Table 2: Basic Description of Sample (n- 127) 
 N Mean Standard Deviation 
Visit 1: Days Postpartum 121 6.24 6.79 
Weight (kg): Visit 1 120 88.85 18.62 
 
BMI (kg/m2) at Visit 1 120 34.10 6.77 
 
 
Visit 2: Days Postpartum 113 71.95 10.24 
Weight (kg): Visit 2 103 84.90 18.76 
BMI (kg/m2) at Visit 2 101 32.77 6.78 
 
 
Visit 3: Days Postpartum 120 128.12 13.15 
Weight (kg): Visit 3 108 88.33 20.03 
BMI (kg/m2) at Visit 3 106 33.84 7.18 
 
 
Maternal Height (cm) 124 161.39 5.31 
Maternal Age 124 26.96 5.61 
Previous Pregnancies 125 1.87 1.71 
Total Calories 124 2135 780.90 
Ever Consumed Alcohol 15 11.81 - 
 
Within each postpartum visit, there was relatively high variability of the day visits 
occurred, and the initial visit varied by almost a week. Overall, the sampled women were 
relatively young, non-smoking, and had a high BMI measures: more than half of the sample had 
a BMI greater than 30. The majority of the sample had completed high school: 24 women had 
less than a high school education, 71 had completed high school, and 32 had completed college 
or an additional advanced degree. Most women were not employed (62.9%), and an 
overwhelming majority (91%) were married or cohabiting.   
Additional Analyses 
Basic analyses, such as the Chi-Square test, were used to establish existing associations 
between different variables and BMI group (established based on visit one BMI measures). 
Maternal education, which was divided into three levels, was significantly associated with BMI 
group (Chi-Sq(2)=7.74, p=0.02). More educated women tended to have higher BMIs than did 
women with lower education attainment. Women in the two BMI categories (normal and 
overweight in the first category, obese in the second), had significantly different ages. The 
normal & overweight category had a mean age of 24.9, while the obese category had a mean age 
of 28.2 (Duncan’s multiple range test, test statistic = 1.98). These differences also held true when 
age was divided into three categories (0= 24 and younger, 1=25-29, 2=30+; Chi-Sq(2)= 9.56, 
p=0.008). When analyzed in three levels (1= less than 1700 calories, 2=1700-2200 calories, 
3=2200+ calories), there was a significant association between BMI category and calorie intake 
(Chi-Sq(2)=6.83, p=0.03). However, when calories were treated as a continuous variable, there 
was not a significant difference in calorie intake between the two groups. Those who were in the 
“normal & overweight” group reported an average total calorie consumption of 1970.1, while the 
“obese” group reported an average total calorie consumption of 2235. Breastfeeding was very 
common in the sample (see table).  
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Table 3: Breastfeeding Status (n- 127) 




































 *Missing data at visit two may be higher because visit two was comprised of a home visit. Thus, infants 
who were in the care of other family members or caregivers had measures taken, without the corresponding 
measures for the mother.  
 
Those with obesity were more likely to have had multiple previous pregnancies, but this 
difference was not statistically significant (Chi-Sq(2)=4.65, p=0.10). The association between 
maternal age and maternal education approached significance (Chi-Sq(4)=8.7, p=0.07) when age 
was collapsed into three categories. When age was a continuous variable, no statistically 
significant difference existed. There was a statistically significant difference between ability to 
recall prepregnancy weight (as yes/no variable) and BMI category. Women with obesity were 
more likely to be able to recall their weight prepregnancy (Chi-Sq(1)=6.27, p=0.01). No 
statistically significant associations were found between sugar/carb/fat/fiber and BMI and 
sugar/carb/fat/fiber and initial weight loss, a variable that conveys the difference in weight 
between visit one and visit two. No statistically significant associations were found between BMI 
category and initial weight loss (Chi-Sq(3)=1.49, p=0.68), and between breastfeeding status and 
initial weight loss (Fisher’s exact test, p=0.38). The women in the sample lost very little weight 
postpartum, with 43 of 127 (33.9%) actually gaining weight between visits one and three.  
 
Table 4: Weight Change Trajectories Between Visits (n- 127)  
 Loss of 3+ kg Loss of 0-3kg Any Gain Insufficient Data 
Initial Weight 











 Loss of 1+ kg Loss of 0-1kg Any Gain Insufficient Data 
Continuing 
Weight Loss 










 Loss of 3+ kg Loss of 0-3kg Any Gain Insufficient Data 
Total Weight 
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Mixed Model Analysis 
After appropriately categorizing the previously mentioned variables, analysis was 
conducted using SAS. We used a mixed model approach to investigate postpartum weight 
trajectories, using “PROC MIXED.” This model treated postpartum visit as a categorical variable 
– visit one, visit two, and visit three – rather than using the exact reported day of each visit. We 
used the “repeated” statement, indicating within person repeating variables, and an unspecified 
covariance structure (“type=un”).21 This covariance structure allows each variance  to be 
different, and requires fitting more parameters than do other types of covariance structures.22 23 
This flexible model is able to handle missing data well and works in scenarios where individual 
responses may vary, such as the BMI differences in this sample. 24 25  
Breastfeeding, smoking status, father education level, weight recall (y/n), alcohol (y/n 
lifetime), planning to work in the first year, regular physical activity (y/n), and calorie intake 
were not associated with postpartum weight or BMI. Due to the small sample size and substantial 
amounts of missing data, many continuous variables were analyzed as categorical variables 
where possible, or, when appropriate, were not used. Maternal education, time, and age (as 3 
categories) were associated with BMI. An interaction between breastfeeding and time was also 
not significant. Even though breastfeeding was not significant in the model (F(2, 116) = 0.24, 
p=0.79), since it was a predictor of interest, we included it in our final model. Thus, the final 
model included maternal education (F(2,116)=3.47, p=0.03), time (F(2,116)=13.3, p=<0.001), 
age (F(2,116)=3.63, p=0.03), and breastfeeding F(2,116)=0.24, p=0.79).  
As was expected, the covariance parameter estimates of the model indicated that BMI 
measures were strongly correlated within individuals. We used the “lsmeans” statement to 
generate least squares means and to compare means across different levels of the predictor 
















                                                          
21 See 22 and 23 
22 “Proc mixed contrasted with other SAS procedures.” SAS 9.2 User Guide, Second Edition. Accessed from: 
https://support.sas.com/documentation/cdl/en/statug/63033/HTML/default/viewer.htm#statug_mixed_sect004.htm 
23 Kincaid, C. “Guidelines for Selecting the Covariance Structure in Mixed Model Analysis.” Statistics and Data 
Analysis, SAS Support. Access: https://support.sas.com/resources/papers/proceedings/proceedings/sugi30/198-30.pdf 
24 Gueorguieva, Ralitza. “Linear Mixed Models for Longitudinal and Clustered Data.” Statistical Methods in 
Psychiatry and Related Fields. Taylor and Francis Group, LLC. 2018.  
25 See 22. 
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Time Visit 1 34.09 0.65 
Time Visit 2 33.40 0.66 
Time Visit 3 33.66 0.68 
Breastfeeding No Breastfeeding 33.58 0.72 
Breastfeeding Mixed Breastfeeding and Formula 33.75 0.67 
Breastfeeding Exclusive Breastfeeding 33.82 0.65 
Education Less than High School 31.25 1.29 
Education High School Degree 34.29 0.80 
Education Greater than High School 35.60 1.14 
Age Less than 24 years 31.72 0.98 
Age 25-29 years 34.04 1.04 
Age 30+ years 35.39 1.09 
 















Time Visit 1 Visit 2 0.69 0.16 <0.001 
Time Visit 1 Visit 3 0.44 0.20 0.034 

















-0.07 0.20 0.714 




-3.03 1.48 0.042 




-4.35 1.69 0.011 




-1.32 1.37 0.340 
Age Less than 24 
years 
25-29 years -2.31 1.30 0.079 
Age Less than 24 
years 
30+ years -3.66 1.41 0.012 
Age 25-29 years 30+ years -1.35 1.45 0.356 
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Average BMI decreased from 34.1 at Visit 1 (Standard Error (SE) = 0.65) to 33.4 at Visit 
2 (SE = 0.66), a modest but significant reduction (p<0.01). However, average BMI increased 
from 33.4 to 33.7 (SE= 0.68) between Visits 2 and 3, an increase that was also significant (p= 
0.01).  Higher maternal education was significantly associated with increased BMI, perhaps in 
part due to maternal education’s correlation with maternal age. The difference in least squares 
means was significant between the lowest education level (less than high school) and higher 
education levels (high school degree and greater than high school degree). The difference in least 
squares means between “less than high school” and “high school degree” was -3.03 units 
(SE=1.48, p=0.042 and p=0.011), and the difference between “less than high school” and 
“greater than high school” was -4.35 (SE=1.69, p=0.011). However, the -1.32 unit difference in 
least squares means between a high school degree and greater than high school was not 
significant (SE=1.37, p=0.340). Maternal age was also significantly associated with BMI, with 
higher age groups having a higher BMI. The difference in least squares means of-3.66 between 
the youngest and oldest age groups was significant (SE=1.41, p=0.012), but not between other 
age group combinations. The difference in least squares means between different breastfeeding 
levels was not significant for any combination, and estimates were close to 0, ranging from -0.07 





Postpartum weight retention was high in this sample of 127 women. Although women 
experienced a modest reduction in BMI between visit one and visit two, they on average gained 
weight between visit two and visit three. Thus, between approximately one week after birth and 
four months after birth, women had not experienced a clinically significant change in BMI. The 
high weight retention seen in this sample is especially troubling given the high rates of exclusive 
breastfeeding seen in this sample. Breastfeeding, which typically requires an average of 400-
50026 additional calories per day, has scientifically and anecdotally been associated with modest 
postpartum weight loss in other populations.27 28 While breastfeeding still has a host of other 
benefits, including reduced risk of certain cancers and diabetes, its impact on weight does not 
appear to have a substantial protective effect within this sample.29  
 
Existing Literature 
In many ways this sample of Samoan women stands out from other studies on postpartum 
weight retention. Women in this analysis have a relatively high average BMI, and a substantial 
proportion of women do not lose weight during the postpartum period. Initial data from an 
ongoing study in American Samoa suggest a divergent pattern of postpartum weight change, 
                                                          
26 US Department of Health and Human Services, National Institute of Child Health and Human Development. 
(2017). When breastfeeding, how many calories should moms and babies consume? Retrieved April 18, 2019, from 
https://www.nichd.nih.gov/health/topics/breastfeeding/conditioninfo/calories.  
27 Jarlenski, M. P., Bennett, W. L., Bleich, S. N., Barry, C. L., & Stuart, E. A. (2014). Effects of breastfeeding on 
postpartum weight loss among U.S. women. Preventive medicine, 69, 146–150. doi:10.1016/j.ypmed.2014.09.018 
28 Nohr EA, Vaeth M, Baker JL, Sorensen T, Olsen J, Rasmussen KM. Combined associations of prepregnancy 
body mass index and gestational weight gain with the outcome of pregnancy. Am J Clin Nutr. (2008) 87:1750–9. 
10.1093/ajcn/87.6.1750 
29 Rea, MF. (2004). Benefits of breastfeeding and women's health. [Article in Portuguese]. Jornal de Pediatricia. 
80:142–146. 
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with women in American Samoa losing weight gradually over time.30 This potential difference in 
PPWR is especially notable given the genetic similarity of these two populations.  
However, the high rates of postpartum weight retention in this sample are not necessarily 
surprising, given the large variation in postpartum weight retention in different cultures and 
ethnicities globally. Recent results from the WHO’s multicenter growth reference study found 
that postpartum weight change patterns varied significantly between sites. Mothers in Ghana lost 
very little or even gained weight postpartum. In contrast, mothers in the United States tended to 
lose weight throughout the first year postpartum, ultimately retaining 0.5-3kg.31 32 Given the 
wide variability of PPWR between different countries, and the likelihood of some PPWR even 




Postpartum weight retention can seriously impact women’s health, and the high 
prevalence of PPWR in this sample is concerning. PPWR is associated with a greater risk of 
obesity and additional weight gain in the year after pregnancy (Endres et al). To further 
complicate the situation, women with obesity are more likely to experience excessive gestational 
weight gain (EGWG),33 and research has found associations between “[EGWG] and increased 
birth weight and postpartum weight retention.”34 
Both pregnancy and the postpartum period are vulnerable times when women may gain 
and retain adipose tissue, elevating the risk of a higher BMI and future obesity. Because 
overweight and obesity prevalence continues to rise, limiting both gestational weight gain and 
postpartum weight retention is important for women of all BMIs. Establishing more robust 
postpartum research and care will be particularly important in Samoa, given the high rates of 
PPWR seen in this sample. However, research has typically prioritized pregnancy over the 
postpartum period, in part because many health care systems provide more prenatal than 
postnatal appointments, and because pregnancy care often focuses disproportionately on fetal 
rather than maternal health.35 36 
This attitude appears to hold true in American Samoa as well. In their 2018 study of 
postpartum women in American Samoa, Kocher et al. found that women’s changing health 
                                                          
30 N. Hawley, personal communication.  
31 Onyango AW1, Nommsen-Rivers L, Siyam A, Borghi E, de Onis M, Garza C, Lartey A, Baerug A, Bhandari 
N, Dewey KG, Araújo CL, Mohamed AJ, Van den Broeck J; WHO Multicentre Growth Reference Study Group. 
Post-partum weight change patterns in the WHO Multicentre Growth Reference Study. Matern Child Nutr. 2011 
Jul;7(3):228-40. doi: 10.1111/j.1740-8709.2010.00295 
32 Gore SA1, Brown DM, West DS. The role of postpartum weight retention in obesity among women: a review of 
the evidence. Ann Behav Med. 2003 Oct;26(2):149-59. 
33 Marchi, J. , Berg, M. , Dencker, A. , Olander, E. K. and Begley, C. (2015), Obesity in pregnancy – a review of 
reviews. Obes Rev, 16: 621-638. doi:10.1111/obr.12288 
34 Weight gain during pregnancy. Committee Opinion No. 548. American College of Obstetricians and 
Gynecologists. Obstet Gynecol 2013;121:210–2. 
35 Rudman, A., & Waldenström, U. (2007). Critical views on postpartum care expressed by new mothers. BMC 
health services research, 7, 178. doi:10.1186/1472-6963-7-178 
36 Optimizing postpartum care. ACOG Committee Opinion No. 736. American College of Obstetricians and 
Gynecologists. Obstet Gynecol 2018;131:e140–50 
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behaviors were motivated by a focus on the infant, rather than by their own health status .37 
Across the women they interviewed, the “most common motivation participants reported for 
changing their diet during pregnancy was the perceived benefit to the baby's health”.38 
Future research should seek to characterize both PPWR alone and PPWR in relation to 
GWG. Higher GWG both increases risk of poor birth outcomes and PPRW; thus, it plays a key 
role in women’s short-term and long-term health, and may be a key component of reducing 
PPWR. Research should also seek to characterize typical weight gain over time among Samoan 
women, and the degree to which this differs from weight gained due to pregnancy. The model 
found age and education level to be strong predictors of increased BMI, indicating that weight 
gain over time could also be a contributor to higher BMIs. Last, if there is a true difference in 
PPWR between Samoan and American Samoan women, research should elucidate why this 
distinct trajectory occurs in these genetically similar populations.  
 
Limitations and Strengths  
This analysis had several limitations and drawbacks. For one, the sample size of 127 was 
quite small. Additionally, this analysis was unable to account for gestational weight gain. 
Gestational weight gain is closely related to postpartum weight retention, since every additional 
kilogram gained represents another kilogram to either lose or retain in the time after birth.  
Thus, lack of GWG data is a major gap in this research, and the analysis surely would have been 
stronger if such measures could have been included. If it becomes possible to find pre-pregnancy 
weight measures from women’s medical charts, it could provide valuable data for a more 
extensive analysis that incorporates gestational weight gain factors on PPWR.  
Additionally, there are methodological issues with treating postpartum visits as 
categorical variables. While many visits fell within the expected timeframe, there was relatively 
wide variability between visit times. Since weight can change rapidly in the two weeks 
postpartum, these initial small differences may introduce wider variability than is ideal. 
However, given the small sample size and the author’s limited experience with mixed models, 
treating time as a categorical variable made the most sense within the framework of this analysis. 
Further analyses could remedy this by looking at postpartum visits in terms of days rather than in 
terms of visit number.  
The analysis also has several strengths. Even with the limited number of weight measures 
available, this analysis still adds key information about Samoan women’s weight trajectories 
after birth. This population has unique BMI challenges and genetic risk factors, and little is 
known about how postpartum weight retention might contribute to lifetime weight gain. This 
analysis adds much-needed information about Samoan women’s high risk of PPWR, and can 
contribute to postpartum care decisions.  
The analysis also adds to postpartum knowledge for all women, and underscores the 
importance of this phase of life. Across the literature, data on the postpartum period has often 
fallen short. Many studies fail to collect sufficient data, often ending weight measurements at 6 
weeks postpartum when many health care systems offer the sole postpartum appointment. This 
analysis is relatively strong in that weight measures go out to 4 months postpartum. Additional 
planned data collected at 18 months postpartum will provide an excellent, longer-term addition 
                                                          
37 Kocher, E., Lamb, J., McGarvey, S., Faiai, M., Muasau-Howard, B., Hawley, N. (2018). Conceptions of 
pregnancy health and motivations for healthful behavior change among women in American Samoa. Women and 
Birth.Volume 31, Issue 1, Pages e32-e41, https://doi.org/10.1016/j.wombi.2017.06.011. 
38 See 23.  
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to this data. These longer-term measurements may paint a more comprehensive picture of future 
weight trajectories, rather than simply initial weight loss after birth. These additional planned 
analyses can address larger issues of weight gain over time, and also describe if the weight gain 




The postpartum period is a key point for women’s weight trajectories in this sample. 
Between visits one and three, over a third of the sample gained weight. Furthermore, the high 
rate of breastfeeding seen among these 127 women – which was found not to have a statistically 
significant association with BMI change in the model – does not provide women with additional 
weight loss. These findings challenge the idea that breastfeeding necessarily promotes natural 
weight loss in postpartum women. While breastfeeding may promote weight loss in different 
populations or different contexts, additional measures are needed in the Samoan population to 
help supplement or amplify this effect.  
Especially given the high parity of women in Samoa, the compounding impact of 
increased weight gain over time poses a health threat throughout all phases of life, including 
during future pregnancies. In recent years, there has been a growing emphasis on supporting 
women during the postpartum period, and postpartum data availability may grow stronger thanks 
to this renewed emphasis. Analyses that include longer-term weight measures are a much-needed 
contribution both to Samoan women and to women worldwide, and are a small step towards 
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